Keywords: Sovereign spread Asset pricing Emerging market discount a b s t r a c t I develop a formal model that could provide quantitative guidance to practitioners who use sovereign yield spreads in emerging market asset valuation. The model provides analytical formulas relating emerging market stock P/E ratios (and expected returns) to the corresponding average yield spread in sovereign bonds. In the model, sovereign yield spreads carry information about the likelihood of a negative regime change in an emerging market (''country risk''), under the common assumption that the regime change is associated with a hostile renegotiation of the country's foreign debt. In the model, country risk is priced because the regime change may be endogenously associated with bad states of the global economy. Data from emerging markets are consistent with some of the model's quantitative and qualitative predictions.
Introduction
Practitioners typically use yield spreads on sovereign bonds to value emerging market assets based on ''adjusted'' versions of the World CAPM (Keck et al., 1998; Estrada, 2007) . Although motivated by sound economic intuition, these adjustments lack any theoretical foundation and rely on insufficient empirical evidence. Practitioners cannot easily borrow from the academic literature, since it has not yet produced an emerging market asset pricing model that is both widely accepted and suitable for practical use. Indeed, summarize the state of asset valuation in emerging markets affirming that such markets ''provide a challenge to existing models and beg the creation of new models''. My main contribution is to develop the first structural model of sovereign default allowing for simultaneous pricing of emerging market sovereign bonds and stocks. The model has analytical formulas for stock P/E ratios and expected returns as functions of sovereign yield spreads.
These formulas could provide quantitative guidance to practitioners who use sovereign yield spreads in emerging market asset valuation.
In my model, the price of an emerging market stock is the appropriately discounted present value of a stochastically growing perpetuity whose trend and volatility may undergo a negative regime change. This ''country risk'' regime change is caused by a hostile renegotiation of foreign debt a la Argentina. The regime change can be either endogenous, stemming from a rational decision to initiate the debt renegotiation, or exogenous, resulting from a shock to sovereign rulers' preferences. Sovereign yield spreads are useful measures of ''country risk'' because they contain relevant information about the timing of the negative regime change.
Because of country risk, emerging market stocks are valued at a discount, i.e., lower P/E ratios, than otherwise identical stocks that are not subject to country risk. I provide an analytical formula for this discount. In my model, the discount reflects not only the probability of a negative regime change but also global risk aversion. That is, country risk is priced. Country risk receives compensation because an endogenous regime change is likely to occur in bad states of the global economy. I also provide an analytical formula for the instantaneous minimum variance hedge ratio between emerging market stocks and sovereign bonds, which could be useful in relative trading strategies.
I assume that emerging stock markets are fully integrated to global financial markets: the same global pricing kernel prices all securities. This contrasts with recent work by Bekaert et al. (2008) . While I explain changes in the emerging market discount with changes in the likelihood of a regime change in cash flows and changes in the systematic risk of emerging market stocks, Bekaert et al. (2008) rely on changes on the pricing kernel that applies to emerging market stocks. These pricing kernel changes are motivated by time-varying market segmentation: sometimes emerging market stocks are priced primarily by local investors, and sometimes primarily by foreign investors, who are assumed to price stocks differently from local ones.
I assess some of my model's predictions using data from nine emerging markets. Most regressions support the model's qualitative predictions regarding the relationship between second moments of returns and sovereign yield spreads.
1 Such regressions confirm that, as sovereign yield spreads increase, emerging market stocks become more volatile in absolute terms, less volatile relative to sovereign bonds, and more correlated with sovereign bonds (Table 2) . Furthermore, my model, calibrated with reasonable parameters, can match Brazil's median stock return volatility, median ratio of sovereign bond and stock volatilities, and median correlation between stocks and sovereign bonds (Table 3 ).
Related literature
Much of the existing literature in emerging stock markets analyzes their integration (or lack of) to global financial markets. Until the early nineties most emerging countries imposed severe restrictions on foreign ownership of equity. Stulz (1981) and Errunza and Losq (1985) show that ownership restrictions prevent the equalization of risk prices across countries because some investors are not allowed to fully diversify their portfolios. Several authors document the behavior of emerging market stocks under partial market integration d see, for example, Bailey and Jagtiani (1994) , Bekaert (1995) , Harvey (1995) , Bekaert and Harvey (1995) , Domowitz et al. (1997) , Bailey et al. (1999) , and Bonomo and Garcia (2001) .
During the late eighties and early nineties most emerging countries either eliminated or drastically reduced restrictions on foreign ownership (Edison and Warnock, 2003) . Many papers analyze the impact of such equity liberalization on asset prices and economic growth. Some important examples are , 2003 , Errunza and Miller (2000) , Henry (2000) , Phylaktis and Ravazzolo (2002) , , Martell and Stulz (2003) , and Chari and Henry (2004) . 1 It is important to mention that I do not compare the physical hostile renegotiation probabilities implied by my model to hostile renegotiation frequencies realized in the data. See Huang and Huang (2003) and Leland (2004) for such comparison using a structural model of corporate bond pricing. This important alternative form of model validation is left for future research.
Empirical research, however, shows that emerging market stock returns are still substantially influenced by country-specific factors d see Erb et al. (1995 Erb et al. ( , 1996 , , Nishiotis (2004) , Carrieri et al. (2006) , Carrieri et al. (2007) , and Bekaert et al. (2007 Bekaert et al. ( , 2008 . My paper is allied with a recent literature that models specific features of emerging markets in an attempt to explain the behavior of their asset prices. Important examples include Goetzmann and Jorion (1999) , Cherian and Perotti (2001) , Bansal and Dahlquist (2002) , Stulz (2005) , and Albuquerque and Wang (2008) . Like Goetzmann and Jorion (1999) , I work under the null hypothesis of full market integration and focus on the return generating process of emerging market stocks. Inspired by Erb et al. (1995 Erb et al. ( , 1996a , I associate emerging market stock returns with a measure of ''country risk''.
My model has an exogenous pricing kernel and its results are driven by the existence of a real option. These features are shared with structural models of corporate debt valuation, such as Leland (1994) , and with influential papers in asset pricing like Berk et al. (1999) . In my model, results are driven by sovereign rulers' option to promote a hostile renegotiation of foreign debt.
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In my model, sovereign default/renegotiation occurs after bad endowment shocks and has negative implications for subsequent economic growth (i.e., causes a negative macroeconomic regime change). Several models of sovereign default/renegotiation share both of these features. Early examples include Eaton and Gersovitz (1981) , Cohen and Sachs (1985) , Kulatilaka and Marcus (1987) and Bulow and Rogoff (1989) . Recent examples include Arellano (2008) , Aguiar and Gopinath (2006) , and Yue (2006) . In contrast to these previous authors, I focus on the asset pricing implications of the option to default/ renegotiate sovereign debt, rather than on matching moments of macroeconomic variables. The next section describes the model and discusses its results.
Model
Consider an emerging country whose gross endowment Y t follows a Geometric Brownian Motion (GBM):
The country has debt requiring a constant payment c > 0. Therefore, the net endowment is Y t À c. Endowment is composed of dividends and other sources of non-financial income, such as labor income. The earnings flow of a generic stock in the emerging market, denoted by X t , also follows a GBM:
Earnings and endowment are positively correlated: (1/dt)(dZ t x )(dZ t y ) ¼ r xy > 0. Following Bakshi and Chen (2005) , I abstract from corporate dividend policy and equate stock dividends to stock earnings. The sovereign bond market and the emerging stock market are integrated. All securities are priced by the same global pricing kernel L t , which also follows a GBM:
The trend of the pricing kernel is the international risk-free rate, and its volatility is the maximum Sharpe Ratio attainable by forming global securities' portfolios. 3 The pricing kernel is negatively correlated with both the endowment and the dividends:
2 This paper is also related to literature on sovereign debt pricing. Work in this area includes Claessens and Pennacchi (1996) , Hayri (2000) , Westphalen (2001) , Duffie et al. (2003) , François (2006) , Pan and Singleton (2008) , Hilscher and Nosbusch (2007) and Remolona et al. (2008) . rulers have the option to promote one (and only one) hostile renegotiation of the country's foreign debt. As a result of this renegotiation, the perpetual debt payment is reduced to 0 < c < c. The high debt service c is potentially sustainable in equilibrium because the hostile renegotiation is costly: the endowment growth trend falls to m y < m y after the hostile renegotiation. 4 The growth trend of the generic stock decreases to m x m x and its growth volatility increases to s x ! s x . The model is agnostic about the causes of the reduction in the stock earnings drift. In particular, the drift reduction can be due not only to a reduction of the country's macroeconomic growth rate, but also to government expropriation. None of the benefits associated with the debt service reduction accrues to stockholders (for example, the reduction in foreign debt service gives rise to a reduction of labor income taxes). The emerging country government chooses the hostile renegotiation time T in order to maximize the present value of net endowment. The government's problem at time t is: sup ; :
Proposition 1 shows how sovereign rulers balance the benefit of an immediate reduction in foreign debt service versus the cost of a lower endowment growth trend following the hostile renegotiation.
Proposition 1. For an emerging market ruler with time preference d, the optimal hostile renegotiation time is the first time that gross endowment Y t hits a lower boundary Y given by
Proof. See Appendix A. , Equation (1) defines the maximum ratio of foreign debt service to gross endowment c=Y that sovereign rulers are willing to bear. Using Equation (1), it can be shown that more patient rulers accept higher debt service ratios.
For exogenous political economy reasons, the time preference parameter of sovereign rulers may suddenly jump from d to infinity. In that case, rulers promote the hostile renegotiation of foreign debt immediately, regardless of the ratio of foreign debt service to endowment. This preference shock is governed by a Poisson process with parameter h d i.e., there is a hdt probability that the shock will occur in the next interval dt. The prices of emerging market securities reflect the possibility of a negative macroeconomic regime change associated with the hostile renegotiation of foreign debt. I refer to this possibility as ''country 4 Commenting on the sustainability of sovereign debt markets, Eaton and Fernandez (1995) write: ''an immediate implication [of the non-enforceability of sovereign debt] is that the country's desire to avoid some sanction if it fails to repay, or to obtain a reward if it repays, must be central.'' The common assumption that sovereign default has negative implications for subsequent economic performance is based on the fact that there is a market for sovereign debt, even though sovereign debt is non--enforceable. See also Dooley (2000) and Rose (2005) . risk''. The regime change can be either endogenous, when endowment hits the lower barrier Y, or exogenous, when sovereign rulers suddenly become infinitely impatient and promote the hostile renegotiation of debt immediately.
First I price sovereign debt, then I price emerging market stocks. I adopt Leland's (1998) framework that allows for constant total debt payments with finite maturity debt. Before the hostile renegotiation, the total foreign debt service c is composed of coupon and principal payments. At each moment in time the country retires a fraction m of its total debt, and replaces it by newly issued debt with the same principal value and coupon rate. New debt is issued at market value, which may be different from par value. In the absence of hostile renegotiation, debt issued at time 0 has remaining principal e Àmt p and pays cash flow e Àmt (c p þ mp) at time t. Leland (1998) shows that the total debt payment at time t is constant and given by c ¼ c p þ mp, and that the average debt maturity in the absence of hostile renegotiation is 1/m. When the hostile renegotiation occurs, the entire debt outstanding is substituted by new debt with lower principal p ¼ ðc=cÞp and lower coupon c p ¼ ðc=cÞc p . As before, a fraction m of the renegotiated debt is continuously rolled-over after renegotiation, so that the total debt payment is constant at c ¼ c p þ mp even though the average debt maturity 1/m is finite. Proposition 2 below has the value of total outstanding sovereign debt and its associated average yield spread.
Proposition 2. The total value of outstanding sovereign debt is
where
The average yield spread on outstanding sovereign debt is
Proof. See Appendix A. , Equation (4) shows that Y t and S t are inversely related. Using Equation (4), I compute the maximum spread ðr þ mÞððc=cÞ À 1Þ when Y t /Y and the minimum spread ½hð1 À ðc=cÞÞ=ð1 þ ðh=ðr þ mÞÞðc=cÞÞ when Y t / N. Using the parameters in Table 2 , the minimum spread is 0.0089 and the maximum spread is 0.6125. Note that the sovereign spread S t depends on r y l through b. Therefore, the spread reflects not only country risk (i.e., the probability of hostile renegotiation and the associated loss), but also global risk aversion. 
Stock valuation
In Propositions 1 and 2 I derive the average yield spread on sovereign bonds as a function of model parameters. In this section I relate stock prices to sovereign spreads. The section is organized as follows: Propositions 3 and 4 have formulas for the stock P/E ratio and the value discounts respectively, and Propositions 5 and 6 have formulas for the instantaneous second moments of stock returns and the instantaneous expected stock return respectively. Proposition 3. The price-earnings ratio of the emerging market stock decreases with the average sovereign yield spread S t and is given by
Proof. See Appendix A. ,
The stock price in Proposition 3 is the expected present value of the future cash flow stream X t under the risk-neutral measure. The cash flow stream X t follows a GBM whose parameters may undergo a negative regime change. The regime change occurs either the first time another process Y t (which is correlated with X t ) hits a lower boundary Y, or when an idiosyncratic Poisson jump occurs. This problem set-up and solution, to the best of my knowledge, is new to the Finance literature and therefore constitutes an independent technical contribution of this paper.
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It is important to note that, in the absence of a purely idiosyncratic jump to hostile renegotiation (whose occurrence is governed by a Poisson process with parameter h), there are no jumps in asset prices in my framework. Accordingly, Equations (2), (5) and (4) show that emerging market sovereign bond and stock prices are smooth functions of fundamentals Y t , X t and L t , which follow a diffusion process without jumps. Therefore, there is no jump risk premium in the model: the systematic risk of bonds and stocks is determined by their (continuous) covariance with the global pricing kernel. This is in line with most of the structural models of corporate bond and equity pricing (e.g. Galai and Masulis, 1976; Leland, 1994; Bakshi and Chen, 2005) .
Note also that Equation (5) does not depend on sovereign rulers' time preference d, or on the gross endowment trend after hostile renegotiation m y . This is good news for valuation: such parameters are hard to specify, but all relevant information about them is embedded in the average sovereign yield spread S t , which is observable in practice. Proposition 4 below defines the useful concept of Value Discount.
Proposition 4. The emerging market stock is priced at a discount relative to an otherwise identical stock not subjected to country risk. The value discount VD t ¼ j(P t /P t no risk ) À 1j increases with the average sovereign spread S t and is given by
Emerging market stocks are priced at a discount because of country risk. When the sovereign spread is high, a negative macroeconomic regime change is more likely and therefore stock prices are lower. 6 See Eq. (14) in Appendix A for the formula relating P t to Y t =Y explicitly.
Note that the discount VD t (S t ) depends on lr x and lr y : the discount depends not only on the likelihood of a negative regime change, but also on global risk aversion. Also note that the Value Discount varies from stock to stock within the emerging market, since it depends on the stock-specific parameters m x , m x , r x , r xy , s x and s x . Therefore, the typical industry practice of not discriminating the impact of country risk among stocks in a given emerging market is not supported by the model.
7 Fig. 1 plots VD t (S t ) with the parameters in Table 3 . To illustrate the effect of the exogenous jump to hostile renegotiation, Fig. 1 also displays the no-jump case h ¼ 0.
Proposition 5 below calculates instantaneous second moments of stock returns, and states their relationship to sovereign yield spreads. The main reason I derive model implications regarding second moments of returns is because these can be empirically measured more accurately than expected returns d see Merton (1976) . I explore this feature in the model calibration in Section 3.3.
Proposition 5. The instantaneous stock return volatility s P , bond return volatility s B , and stock-bond covariance s PB are analytical functions of the average sovereign yield spread S t . The functions are in Appendix A. The covariance s PB is always positive. Conditioned on the absence of a jump to hostile renegotiation, s P , s B and the correlation coefficient between bond and stock returns increase with the sovereign yield spread.
Conditioned on the absence of a jump to hostile renegotiation, stock return volatility increases with the sovereign spread. This is because endowment growth shocks are i.i.d. over time, and the effect of a given endowment growth shock on the probability of hostile renegotiation is higher when the economy is closer to renegotiation boundary Y. When the economy is far from the boundary, a shock barely changes the probability of reaching the boundary. On the other hand, a shock of the same magnitude has a major effect on the probability if the economy is already close to the boundary. 8 I study second moments conditional on the absence of a jump to hostile renegotiation because those can be measured with daily return data.
Figs. 2-4 below confirm that s P and r PB increase with the sovereign spread, and show that the volatility ratio s B /s P increases on the sovereign spread except for extremely high spread levels. The figures are plotted with the parameters in Table 3 and also display the no-jump case h ¼ 0. 7 Damodaran (2003) proposes a clever (but ad hoc) way to adjust the typical industry method to account for different exposures to country risk within the same emerging market. 8 The following thought experiment is useful for intuition. Flip a coin 10 times and before each flip compute the probability of getting Heads in all flips. Note that this probability goes up faster as successes accumulate. After the 8th success, right before the 9th flip, the probability is 0.25. After the 9th success, the probability is 0.50, and after the 10th success the probability is 1.00. The probability of getting Heads ten times goes up by 0.25 after the 9th success, and by 0.50 after the 10th success. Fig. 2 shows that emerging market stocks display ''excess volatility'' relative to earnings. In the absence of country risk, Equation (16) in Appendix A shows that the volatility of stock returns would be equal to the volatility of earnings/dividends, which is s x ¼ 0.236 in my calibration (Table 3) . After the hostile renegotiation of foreign debt, the volatility of returns is also equal to volatility of earnings, which is s x ¼ 0:355 (Table 3 ). Fig. 2 shows that the stock return volatility can be much higher than 0.236 and 0.355.
The model provides a formula of the instantaneous minimum variance hedge ratio between emerging market stocks and sovereign bonds (r PB (s P /s B )). The price of an emerging market stock is positively correlated with the price of the emerging market sovereign bond because both are affected by the same macroeconomic regime change. However, these securities are not perfectly correlated because the stock price depends on earnings X t (see Eq. (5)) whereas bond prices do not (see Eq. (2)). Fig. 5 shows that the hedge ratio (conditioned on the absence of a jump to hostile renegotiation) is typically decreasing in the sovereign spread.
Proposition 6 below shows that country risk is priced: emerging market expected stock returns increase with the sovereign yield spread.
Proposition 6. The instantaneous expected return of the emerging market stock is
The expected return is always larger than the risk-free rate and increases with the average sovereign spread S t .
Note that the expected excess return has two terms. The first term ls x r x is the compensation for positive cash flow correlation with the global pricing kernel. This term is constant. The second term is the compensation associated with the endogenous component of country risk.
9 Since r y > 0, the negative regime change in the emerging country tends to occur in bad states of the global economy, and therefore country risk is priced. The compensation for country risk increases with the sovereign spread because there is more systematic risk at higher spread levels. This is because the volatility of returns increases when the country is closer to the hostile renegotiation boundary, whereas the instantaneous fundamental correlations r y , r x and r xy remain constant. So, the beta of an emerging market stock with respect to the true pricing kernel is higher at higher spread levels. Fig. 6 plots the expected return function with the parameters in Table 3 , and shows that the variation in expected returns is economically large.
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Industry practice uses yield spreads on sovereign bonds to ''adjust'' the World CAPM in order to value emerging market assets (Estrada, 2007) . However, such adjustments are arbitrary. Proposition 6 could provide quantitative guidance on the determination of emerging markets' expected returns based on information contained in sovereign spreads. It turns out that the model's quantitative implications are different from the typical industry practice. First, as noted previously, different stocks in an emerging market are affected differently by country risk d the formula for m P depends on stock-specific parameters. Moreover, in contrast to the typical industry practice, the expected stock return does not increase one for one with the sovereign spread. In particular, m P is concave in S t . Therefore, the typical industry practice for valuing emerging market stocks ''underreacts'' to spread changes at low spread levels, and ''overreacts'' to spread changes at high spread levels. Future research may investigate whether a properly hedged relative trading strategy that exploits these systematic patterns yields abnormally high returns.
Empirical analysis
In this section I evaluate some of the model's predictions. In Section 3.2 I use regression analysis to evaluate qualitative predictions of the model. I use data from the largest emerging markets that have ever been part of J.P. Morgan's Emerging Markets Bond Index Plus (EMBIþ), my source of bond market data. In Section 3.3 I evaluate the model's quantitative predictions by calibrating it to Brazil's Stock Market Index. Brazil is a natural choice because it is the largest emerging market that has been part the EMBIþ Index. I show that the model can match important features of Brazil's data with reasonable parameters. I start by describing the data.
Data
I use sovereign bond and stock market data of nine countries. My sample runs from January 1, 1998 to December 31, 2007. Bond market data are from J.P. Morgan's EMBIþ Index. Index levels and sovereign spreads were not available before January 1998. The EMBIþ Index represents a valueweighted portfolio of liquid US dollar denominated sovereign bonds traded internationally. Percent changes in Index levels are US dollar returns on the sovereign bond portfolio. Yield spreads of individual bonds are computed relative to the US Treasury yield curve. Index sovereign spreads are valueweighted spreads of the individual bonds in the portfolio. In terms of stock market capitalization at the (2002) and use rolling averages of two-day returns to compute such correlations. Table 1 presents summary statistics of the financial data grouped by calendar month. Table 1 shows that average stock returns are measured much less accurately than second moments of returns. For all countries, the Annual Stock Return is the only variable in the table whose standard deviation is higher than the average. Furthermore, this simple comparison underestimates the uncertainty of average returns. This is because, in contrast to the other variables in Table 1 , the Annual Stock Return is calculated using overlapping data (monthly 12-month returns).
Regressions
I check model implications regarding how second moments of bond and stock returns relate to sovereign yield spread levels. I focus on implications for second moments of returns because, in contrast to expected returns, they can be more accurately estimated with finer data sampling (Merton, 1976) . Table 2 below reports results of regressions with non-overlapping monthly data based on daily stock and bond returns. Table 2 shows that most regressions confirm model predictions in Proposition 5. First, in 8 out of 9 countries stock volatility is positively related to the sovereign spread level. Results are statistically significant at 1% for 7 of the 8 countries, with the exception of Malaysia, which has only 34 monthly observations. The results are economically significant. For example, a one standard deviation increase in the spread increases stock volatility by 18% in Brazil, 16% in South Korea and 39% in Russia. Second, in 8 of 9 countries sovereign bonds become more volatile relative to stocks as the sovereign spread increases. Again, results are statistically at 1% for 7 of the 8 countries, with the exception of smallsample Malaysia. Third, regressions show that for 6 of the 9 countries the correlation between sovereign bond returns and stock returns increases with the sovereign spread. Note that the 3 countries for which the correlation of daily returns does not increase in the spread are located in Africa, Asia and Europe. For these countries daily correlations are measured with less precision due to the time zone problem. Finally, note that all three model predictions I tested are confirmed in Brazil, South Korea, Russia, the 3 largest markets under study.
Ideally, I would want to test Proposition 6 of Section 2.1, which states that expected returns on emerging market stocks increase with the sovereign yield spread. However, my data only cover ten years of data and therefore is too small to allow inference about stock return probability. Nonetheless, previous research by Erb et al. (1995 Erb et al. ( , 1996a and Gendreau and Heckman (2003) suggests that expected returns indeed increase with the sovereign spread, as my model predicts. 
Model calibration and quantitative implications
I calibrate the model to Brazil's Stock Market Index. My calibration strategy is to fix some parameters based on external information, and choose the remaining ones in order to match features of the Brazilian data. I fix the parameters that can be either observed directly or estimated with reasonable accuracy. I match second moments of returns in Brazil's financial data, which can be measured accurately with daily sampling. I verify that the entire parameter set implies a reasonable expected stock return, and that the parameters that are not pre-determined are within the range encountered in the literature. Based on these verifications, I conclude that the model can match the data with reasonable parameter choices. Table 3 Expected Return Fig. 6 . Expected return on stock and sovereign yield spread with (solid) and without (dashed) exogenous jump to default (m P (S t )).
11 Erb et al. (1995 Erb et al. ( , 1996a describing the pre-determined parameters. Then, I explain how to choose the remaining parameters in order to match second moments of securities' returns.
Pre-determined parameters
The nominal risk-free interest rate and the maximum Sharpe Ratio are respectively r ¼ 0.0547 and l ¼ 0.70, equal to the long-run averages in Brennan et al. (2004) . These authors set the long-run real interest rate to 0.0162 and the long-run inflation to 0.0385, which adds up to 0.0547. I use nominal interest rates because the sovereign yield spread is read from nominal bonds.
The endowment growth trend and volatility are respectively m y ¼ 0.008 and s y ¼ 0.024, equal to Brazil's average and standard deviation of the real growth in per capita GDP from 1987 to 2007. These numbers are calculated from the annual time series of Brazil's GDP per capita (at constant prices and local currency) available at the IMF's World Economic Outlook Database. I use real rather than nominal rates because sovereign rulers exercise their option to promote a hostile renegotiation of foreign debt when real (rather than nominal) GDP per capita reaches some lower boundary. The use of real GDP here is not inconsistent with my use of nominal interest rates because m y and s y only matter for the timing of the regime change, and do not affect cash flows directly. 12 Recall from Section 2.1 that, when the purpose is to price stocks based on information embedded in the sovereign yield spread, I don't need to specify either d or m y .
After the hostile renegotiation, the recovery value of sovereign debt as a fraction of face value is ðc=cÞ ¼ 0:25. This is equal to the recovery value in Argentina's hostile negotiation of its foreign debt (Sturzenegger and Zettelmeyer, 2007) . The average maturity of sovereign debt is (1/m) ¼ 6.69, equal to the average maturity of Brazil's sovereign bonds from January 1998 to June 2007. I infer the volatility of earnings s x from my regression analysis in Section 3.2. In my model the volatility of stock returns is equal to the volatility of earnings when the sovereign spread is zero (see Eq. (17) and Fig. 2) . Table 2 Panel A shows that the intercept of the regression of the log of Brazil's stock volatility on Brazil's sovereign spread is À1.446 (t-stat À20.07). Therefore, I set s x ¼ e À1.446 ¼ 0.236 per year. One alternative would be to use the realized volatility of earnings in the sample period. However, financial managers have incentives to smooth out earnings, rendering difficult for one to infer the true s x from realized earnings. This concern is especially valid in emerging markets (Leuz et al., 2003) .
Furthermore, it is not clear how to treat shifting exchange rate regimes empirically. When the local currency is pegged to the US dollar, realized dollar denominated earnings will be substantially less volatile than when the currency is allowed to float.
The instantaneous jump probability is h ¼ 0.011: on average, an exogenous jump to hostile renegotiation happens once each 90 years. This is the largest h still consistent with historically observed sovereign yield spreads for Brazil. When h ¼ 0.011, given my aforementioned choices for r, 1/m and c=c, the minimum sovereign spread in the model is 0.0081. Sovereign spreads in the data are calculated relative to the US Treasury yield curve, thus I add the US Treasury liquidity premium to my modelimplied spread before comparing it to the data. Longstaff et al. (2005) report an average US Treasury liquidity premium of 0.0065. Therefore, the minimum liquidity-adjusted spread in the model is 0.0081 þ 0.0065 ¼ 0.0146, which is equal to the lowest historical spread ever achieved by Brazil's EMBIþ Index (in June 2007).
Free parameters
The remaining 6 parameters of the model cannot be easily estimated from data. My calibration strategy is to choose them in order to match second moments of securities' returns, measured with daily data. To make matters simple, I evaluate the model at the median sovereign yield spread in the sample period, and match model-implied second moments to the corresponding median second moments in the sample period (Table 3 Panel B). 14 I evaluate the model at S t ¼ 0.0688 À 0.0065 ¼ 0.0623, where 0.0688 is the median Brazilian EMBIþ sovereign yield spread in the sample period, and 0.0065 is the average US Treasury liquidity premium reported by Longstaff et al. (2005) . The target second moments are the median stock return volatility s P ¼ 0.291, the median ratio of volatilities of sovereign bond returns and stock returns s B /s P ¼ 0.386, and the median correlation between sovereign bond and stock returns r PB ¼ 0.619. I claim that model can match the three aforementioned second moments of securities' returns with reasonable parameters for X t . First, the parameter set implies a reasonable expected stock return m P ¼ 0.128 and risk premium m P À r ¼ 0.0733 when the sovereign spread is S t ¼ 0.0636. Second, in the paragraphs that follow I argue that the parameters that result from my matching procedure are within the range encountered in the literature.
The correlation between endowment growth and pricing kernel innovations is r y ¼ 0.358.
Consumption-based models with frictionless markets imply that a country's endowment growth is perfectly negatively correlated with the global pricing kernel. However, it is well known that market frictions prevent full international risk sharing (Backus et al., 1992) , especially in the case of emerging economies with the option of defaulting on their foreign debts (Kehoe and Perri, 2002) .
The nominal growth trend of Brazil's Stock Market Index earnings is m x ¼ 0.0855, a little higher than the trend of US aggregate earnings estimated by Bhamra et al. (2007) . These authors estimate that the real growth trend of US aggregate earnings from 1947 to 2005 is 0.0343, which results in a nominal growth rate of 0.0728 after adding the 0.0385 long-term inflation rate in Brennan et al. (2004) . After the hostile renegotiation of foreign debt and associated regime change, the nominal growth trend drops to m x ¼ 0:0410. Similarly, after the hostile renegotiation of foreign debt and associated regime change, the Index's nominal growth volatility increases to s x ¼ 0:38. Both the pre-change and the post-change volatilities s x and s x are within the range of values encountered in the literature. Working with US data, Bhamra et al. (2007) The correlation between earnings growth and pricing kernel innovations is r x ¼ 0.261, and the correlation between earnings growth and endowment growth is r xy ¼ 0.250. These choices are within the range encountered in the literature. Longstaff and Piazzesi (2004) estimate that the correlation between US earnings growth and US consumption growth from 1929 to 2001 is 0.687. In contrast, Bhamra et al. (2007) calibrate the correlation between US earnings growth and US consumption growth to 0.1998.
The model, calibrated with the parameters in Table 1 , implies that the discount at which the Brazilian stock market trade vis-à -vis markets not subject to country risk is VD ¼ 0.541, when the (liquidity-adjusted) sovereign spread is at its median 1998-2007 level (0.0623).
Conclusion
I price emerging market stocks based on a measure of country risk. This idea is not new: it has dominated industry practice for the last 15 years (Mariscal and Lee, 1993; Keck et al., 1998; Estrada, 2007) , and appears in empirical research by Bekaert (1995) , Erb et al. (1995 Erb et al. ( , 1996a , Bailey and Chung (1995) , Bansal and Dahlquist (2002) , and Damodaran (2003) . However, to the best of my knowledge, I provide the first model with formulas for emerging market stock P/E ratios and expected returns as functions of yield spreads on sovereign bonds (the most popular measure of country risk). These formulas are available in analytical form. In the model, the price of an emerging market stock is the appropriately discounted present value of a stochastically growing perpetuity whose trend and volatility may undergo a regime change. This regime change can be either endogenous, when sovereign rulers exercise the option to promote a hostile renegotiation of foreign debt, or exogenous, due to a shock to sovereign rulers' preferences.
In the model, emerging market stocks are priced at a discount relative to otherwise identical stocks not subject to country risk. The discount varies from stock to stock and depends on the average yield spread on sovereign debt. The discount reflects not only the likelihood of a negative macroeconomic regime change but also global risk aversion, because country risk is priced. Country risk receives compensation because the negative emerging market regime change may be endogenously associated with bad states of the global economy. Therefore, changes in the emerging market discount are driven by changes in the likelihood of a regime change in the emerging market stock cash flows, and changes in emerging market stocks' systematic risk. This rationalization is fundamentally different from Bekaert et al. (2008) , who explain changes in the emerging market discount with exogenous changes in the pricing kernel that applies to emerging market stocks. Further research is needed to empirically separate these two alternative explanations for changes in the emerging market stock discount.
I perform a simple evaluation of the model's implications using data from nine emerging markets. Most regressions support the model's qualitative predictions about second moment of securities' returns. Such regressions confirm that, as sovereign yield spreads increase, emerging market stocks tend to become more volatile in absolute terms, less volatile relative to sovereign bonds, and more correlated with sovereign bonds. To investigate the model's quantitative implications, I calibrate the model to Brazil's aggregate stock market. Calibrated with reasonable parameters, the model matches important aspects of Brazilian data from January 1998 to December 2007. More specifically, when the model is evaluated at the median sovereign spread in the period, the model-implied stock volatility, ratio between stock and bond volatilities and correlation between bond and stock returns are equal to the corresponding median values in the data. My calibration indicates that the median discount embedded in Brazilian stock prices from January 1998 to December 2007 was 54.1%.
Two interesting extensions are left for future research. First, estimating model parameters using the time series of an empirical proxy of the value discount. This can be done using Equation (6), which provides a structural link between the sovereign yield spread and the value discount. A promising candidate for the empirical proxy of the value discount is the industry-adjusted P/E differential between an emerging country and developed ones, proposed by Bekaert et al. (2008) . Second, estimating model parameters in order to match realized frequencies of sovereign default/renegotiation, as in the papers by Huang and Huang (2003) and Leland (2004 where q is defined in Proposition 1.
Proof. See Shreve (2004) . ,
Proof of Proposition 1. The problem of sovereign rulers at time t is:
This is a standard optimal stopping problem in a GBM framework. The optimal T is the first time the process hits a boundary Y: T ¼ minfs : Y s ¼ Yg (see Shreve, 2004) . For a non-trivial solution in our case, Y is below the initial level Y t . Using the strong Markov property of the GBM and Lemmas A.1 and A.2, the first term of the maximand can be written as:
The second term of the maximand is:
Therefore, the sovereign rulers' problem is:
: which reduces to:
whose FOC gives Equation (1). ,
Following Leland (1998) 
The solution B(Y) has to satisfy two boundary conditions:
The function in Equation (2) solves the differential equation (9) and satisfies the boundary conditions above. The following paragraphs explain how to obtain boundary condition ii).
When Y / N, the probability that Y t will hit the barrier Y is zero. In this case, only the jump probability affects the price of a sovereign bond B t 0 . Under the risk-neutral measure Q, the instantaneous expected return on the sovereign bond is the risk-free rate. Thus,
Crossing out B t 0 in both sides and using the fact that B 0 t ¼ e Àmt c rþm gives (9).
If sovereign debt was riskless, its time t value would be B riskless t ¼ R N t e ÀrðuÀtÞ e ÀmðuÀtÞ c du ¼ c rþm . The m term in the denominator reflects the fact that debt outstanding at time t is not a perpetuity because it is exponentially amortized over time at a rate m. The average sovereign yield spread is the spread S t such that B t ¼ c/(r þ S t þ m), therefore S t ¼ (c/B t ) À (r þ m). Substituting Equation (2) for B t gives Equation (4). The spread is always decreasing on Y t , so we can also express Y t as a function of S t :
, Proof of Proposition 3. The proof uses techniques in Dixit and Pindyck (1994) . First we find the stock price after the regime change associated with the hostile renegotiation of foreign debt, then we find the price before the regime change. After the hostile renegotiation, the emerging market stock pays a continuous cash flow X t , whose risk-neutral drift is m x À ls x r x . Therefore, by Lemma A.1 the price of the stock is:
The risk-neutral instantaneous expected return of the emerging market stock before the hostile renegotiation is the risk-free rate. Thus,
Note that P t is a function of X t and Y t , since Y t is the process governing the regime change. Using the fact that dt is infinitesimally small, and knowing that before the hostile renegotiation the Q-drifts of X t and Y t are respectively m x À ls x r x and m y À ls y r y :
Therefore,
Crossing out P t on both sides, and substituting in Equation (12) give the following PDE:
The solution P(X, Y) to Equation (13) must satisfy four boundary conditions:
The function P(X, Y) below solves the PDE (13) and satisfies the boundary conditions above (we provide more details in Appendix B).
Use Equation (11) and the equation immediately above to get Equation (5). The following paragraph explains how to obtain boundary condition iv).
When Y / N, the probability that Y t will hit the barrier Y is zero. Therefore, the stock price b P t depends only on X t . When Y / N, the instantaneous expected return of the emerging stock under the risk-neutral measure is still the risk-free rate. Therefore, lim 
The solution b PðXÞ has to satisfy lim X/0 b PðXÞ ¼ 0 and lim (15) and satisfies such boundary conditions. ,
Proof of Proposition 4. The Value Discount is defined as VD t ¼ j(P t /P t no risk ) À 1j, where P t no risk ¼ X t / (r þ ls x r x À m x ) is the price of an otherwise identical stock which is not subjected to country risk.
Substituting in the expression for P t no risk above, P t in Equation (5) and using Equation (11) gives Equation (6). By inspection, it is evident that the magnitude of VD t increases with S t . ,
Proof of Proposition 5. By definition, the instantaneous volatility of bond and stock returns and their instantaneous covariances are respectively: Substituting dX t and dY t gives the contribution of the diffusion terms to the instantaneous volatilities and covariance. Since P(X t , Y t ) is linear in X t , we have (vP t /vX t )(X t /P t ) ¼ 1. We ignore the jump terms in s B , s P and s PB because we want to focus on second moments conditioned on the absence of a jump to hostile renegotiation. We have: 
Use Equation (5) to write P t ¼ X t (K 1 Y t a þ K 2 ) with a < 0, K 1 < 0 and K 2 > 0. Therefore,
Similarly, use Equation (2) to write
From the signs of (19) and (20) 
Since (vS t /vY t ) < 0, Equations (21) and (22) show that the diffusion terms of s P t , s B t and s PB t increase with the sovereign spread. Therefore, conditioned on the absence of a jump, s P t , s B t and s PB t increase with the sovereign yield spread.
To obtain explicit analytical equations for s P (S t ), s B (S t ) and s PB (S t ), use Equations (5), (2) and (11) to get: 
Now substitute the equations immediately above into Equations (17), (16) Inspecting the equations above, it is evident that the four boundary conditions are satisfied. We can write the stock price as:
where By inspection, it is evident that a as defined in Proposition 3 is the negative root of the quadratic equation immediately above. Thus, P 1 is a solution to the homogenous part of Equation (13). The derivatives for P 2 are:
vX 2 ¼ 0;
vY 2 ¼ 0:
Using the fact that P 1 solves the homogenous part of the PDE, substitute the derivatives for P ¼ P 1 þ P 2 in Equation (13) to get:
The second equality comes from the definition of K 2 a few paragraphs above. Therefore, P(X, Y) in Equation (14) satisfies the stock price PDE in Equation (13) and its four boundary conditions as claimed.
